ABSTFUCT: Two trials were conducted to evaluate the effects of microbial inoculation for preservation of high-moisture corn (HMC). In Trial 1, three concrete, upright silos were filled with 83 t of HMC that was treated with either a dry microbial inoculant (DI 1, reconstituted liquid microbial inoculant IRLI), or an untreated control ( C O N ) . The CON or RLI-treated HMC were placed in two silos in Trial 2. Both inoculants were applied to supply 2 x l o 6 colonyforming units (cfulig of wet corn. Samples were collected from the bottom two doors of each silo for 21 d (Trial 1) or 40 d (Trial 2 1 postensiling and during feedout to evaluate fermentation changes over time. Dacron bags buried at four elevations within each silo were recovered during feedout to determine DM losses and chemical composition changes during the fermentation period. In both trials, concentrations of soluble N (SN) increased over time. Acetate content was higher in DI than in CON in Trial 1 and ethanol was greater ( P < .06) for RLI than for CON in Trial 2. Acidity declined faster ( P < .05) and soluble carbohydrate was reduced for RLI during the feedout phase in Trial 2. Dry matter recovery tended to be greater with CON ( P < . l o ) than with RLI-treated HMC in Trial 2.
Introduction
Short growing seasons and difficult field drying conditions during harvest season encourage livestock producers to store corn with a high-moisture content. However, losses during storage and feedout can often be substantial (McDonald et al., 1991) . Fox (1976) and Goodrich and Meiske ( 1 9 7 6) have previously reported that 5 to 20% of ensiled DM may not be recovered from the silo. In addition, the low moisture content of high-moisture corn (HMC) limits the lAcknowledgment is made to the Michigan Agric. Exp. Sta for 'This research was funded in part by Medipharm USA, Des 3Present address: Cooperative Extension Service, Ionia, MI. 4To whom correspondence should be addressed: 113 Anthony J. Anim. Sci. 1993 . 71:2246 -2252 extent and type of fermentation (Goodrich and Meiske, 1976) . Most ensiled HMC begins deteriorating in < 24 h after exposure to oxygen (Stevenson, 1976) .
In some studies, microbial inoculation of whole corn plant and sorghum silages (Bolsen et al., 1984) and grass silages (McDonald et al., 1991 1 has successfully shifted fermentation patterns toward more efficient metabolic pathways, resulting in less DM loss during the fermentation process. Microbial inoculation that stimulates a homolactic fermentation has been shown to decrease aerobic stability in whole corn plant silage (Rust et al., 1989) . Few research studies evaluating microbial inoculants for enhanced preservation of HMC have been conducted. This study was conducted to evaluate the use of microbial inoculants to enhance the preservation of nutritive value and reduce deterioration of HMC upon exposure to air. A secondary objective was to determine the effects of microbial inoculation of HMC on DM recovery from upright silos.
Materials and Methods

Trial 1
High-moisture corn was harvested at approximately 72% DM and ensiled in one of three upright, concrete silos (3.6 m x 13.5 m). An alternate load sequence was used to fill the three silos simultaneously by placement of two loads in a silo (approximately 12.6 t ) before rotation to the next silo. A separate silage blower was used for each silo. High-moisture corn was ground through a portable grinder-mixer (New Holland Model 355) fitted with a 1.6-cm screen. Silo filling was completed in 6 d and approximately 83 t were placed in each silo. Each load was sampled before processing, and samples were composited every 4 h; the composite was subsampled and frozen at -20°C for future laboratory analyses. The three treatments allocated to silos were control (no inocula, CON) ; dry granular inocula ( DI) ; and reconstituted liquid inocula (RLI). The Icful/package) in 9.5 L of distilled water and allowing the mixture to set at room temperature for 24 h before use. The 24-h incubation period allowed microbial organisms to increase 10-to 15-fold by using substrate contained in the package. The application rate of DI and RLI was 1 kg and 2.1 Lit of harvested corn (as-is basis), respectively. Inoculation rates for both treatments were calculated to provide 2 x lo6 cfulg of corn.
Both inoculants were added at the silage blower. A Gandy applicator (Gandy, Owatonna, MN) was used to apply DI, and RLI was applied with a sprayer apparatus equipped with two nozzles using 1.76 to 2.11 kg/cm2 of pressure. A thermocouple and two Dacron bags filled with HMC were placed at each of four elevations (2.4, 4.8, 7 .2, and 9.6 m ) in each silo to monitor temperature and chemical changes during fermentation. Temperatures were recorded daily for the first 32 d after ensiling. The eight Dacron bags (American Farm Products, Ypsilanti, MI) buried in each silo contained 3.2 kg of HMC that was treated similarly to corn placed into the host silo. Strips of colored plastic were placed 45 to 60 cm above the buried bags to identify bag location during feedout. When the plastic strips appeared, bags were uncovered and weighed and samples were frozen ( -20°C) for chemical analysis. Differences in DM weights of buried bags between placement and removal from silos were used to estimate DM loss during ensilement. Use of the buried Dacron bag technique in silos as a method to study silage fermentation has been discussed by McDonald et al. (1991) . Dry matter recovery was also determined as the difference between the weight of DM placed into and removed from each silo. aSupplements were balanced to provide 11% CP, .5% Ca, .35% P, .7% K, 25% NaC1, and 25 ppm of monensin in the total diet.
Two 5-cm holes were bored in the bottom two doors of each silo and fitted with rubber stoppers. A 500-g sample was obtained from a single door of each silo on 0, 1, 2, 3, 4, 5, 6, 11, and 21 d after ensilement. A Penn State Forage Sampler (Nasco Agricultural Sciences, Fort Atkinson, WI) was used to collect samples through the bore holes. One hundred fifty grams of each bore sample was taken to the laboratory for microbial analysis and the remainder was fi-ozen at -20°C for future laboratory analysis. Silos were opened 46 d after ensiling. During the feedout period for each silo, samples were collected every 2 wk and analyzed for DM content to calculate DM intake.
One hundred eighteen crossbred steers (482 kg f 45 kg average BW) were placed in 12 pens and 104 crossbred heifers (342 k 21 kg average BW) were allocated to 18 pens. Cattle were removed from native grass pastures in September and sent directly to the feedlot. Steers and heifers were fed a similar diet (without the control or treated HMC) for 60 d before trial initiation. Three treatments were randomly assigned to pens within sex groups. Cattle were housed in a covered, slotted-floor facility with 38 cm of bunkspace and 1.9 m2 of floor space per animal. Cattle were fed the respective treatments for 56 d.
Two initial and final unshrunk weights were obtained on consecutive days before feeding. Cattle were previously adapted to HMC diets and allowed a 5-d period to adapt to the addition of treated HMC in the diets before the trial was initiated. Diets consisted of 85% HMC, 10% corn silage, and 5% supplement (Table 1 ) . Feed and water were available continuously.
TriaZ 2
Two upright, concrete silos were filled with approximately 90 t of HMC (76% DM) during a 3-d period. Corn was ground through a 1.6-cm screen in a tub grinder (New Holland Model 390) before ensilement. Each silo was assigned to either of two treatments, CON or RLI. Silos were filled in a similar load sequence and RLI was applied as previously described for Trial 1. A thermocouple and two Dacron bags filled with HMC were placed at four elevations within each silo as described in Trial 1. Temperatures were recorded during the first 28 d after ensilement. Samples were colIected from bore holes in the bottom doors on 0, 1, 2, 4, 8, 16, and 40 d and stored in a similar manner as described in Trial 1. Samples were collected every 2 wk from each silo during the feedout period for DM analysis to determine DM intake. Silos were opened 165 d after ensilement and totally emptied within 130 d.
Twenty Styrofoam containers (17 cm x 24 cm x 25 cm), 10 per treatment, were filled approximately 180 d after filling silos with 4.8 kg of ensiled HMC and maintained at room temperature (20 to 22°C) after exposure to air. Cooking thermometers (15 cm in length; Taylor, Juarez, Mexico) were placed in each container to measure daily temperature changes. Duplicate containers for each treatment were emptied on 1, 3, 5, 8, or 14 d after exposure and analyzed for microbial populations.
One hundred seventeen crossbred steers (328 k 27 kg average BW) were allotted to 18 pens and fed either HMC treatment for 126 d. Steers were purchased in April from the southeastern United States and were placed on trial within 4 d. Two unshrunk weights obtained before feeding were recorded on consecutive days for initial and final weight determination. Steers were adjusted from a corn silage diet to the HMC diets during a 14-d period. The diet consisted of 85% HMC, 10% chopped hay, and 5%) supplement (Table 1) . Facilities and pen conditions were identical to those described for Trial 1.
Laboratory Analysis
Frozen samples were allowed to thaw (12 h ) at room temperature and chopped in a Hobart Macerator (Hobart Manufacturing, Troy, OH). A 100-g sample of chopped wet material was placed in a 60°C forced-air oven for DM determination (AOAC, 1984) . Total N concentration was determined on a wet sample with a micro-Kjeldahl procedure (AOAC, 1984) using a Technicon Autoanalyzer (Technicon Instruments, Tarrytown, NY). A 10% homogenate, prepared with fresh or ensiled corn and distilled water, was diluted 50-fold and analyzed for soluble carbohydrate ( CHO) content (Dubois et al., 1956) . Soluble N was measured on the strained homogenate (Baertsche et al. 1986 ) by micro-Kjeldahl digestion followed by analysis with a Technicon Autoanalyzer (AOAC, 1984) . A sample of strained homogenate was analyzed for ammonia N using the Technicon Autoanalyzer (AOAC, 1984) . In Trial 2, 50 mL of the homogenate was strained through cheesecloth and pH was determined with a pH meter equipped with a combination electrode.
Volatile fatty acid analysis in Trial 1 was performed by GLC (Baertsche et al., 1986) . Twenty milliliters of strained homogenate was acidified with 4 mL of 25% metaphosphoric acid solution (wt/vol). After mixing, the extract was centrifuged at 27,000 x g for 15 min. Two microliters of supernatant fluid was injected into a Hewlett Packard Gas Chromatograph (Model 5840A; Hewlett Packard, Palo Alto, CAI equipped with a flame ionization detector and microprocessor. The column ( 2 m x 2 mm i.d.1 was packed with 10% SP-1200 and 1% H3P04 on chromosorb WAW (801 100). The analysis were performed isothermally a t 125°C. Lactic acid concentration (Trial 1) of the strained homogenate was determined by the procedures of Barker and Summerson (1941) .
In Trial 2, lactic acid, VFA, and ethanol concentrations were analyzed with HPLC using a modified procedure of Siegfried et al. (1984) . Crotonic acid (.4% wtiwt) served as an internal standard. Thirtyfive microliters was injected into the HPLC system with a 30-min elution time. A Bio-Rad ion-exchange column HPX-87H (cat no. 125-0140; Bio-Rad Chemical, Richmond, CAI was heated to 45°C for lactate and acetate determination and 30°C for ethanol analysis. A Bio-Rad guard column (cat. no. 125-0129, Bio-Rad Chemical) was used to protect the ion-exchange column. Mobile phase was prepared by diluting 1.66 mL of concentrated H2S04 and .41 g of EDTA to a volume of 4 L with double-distilled, millipore-filtered water. The mobile phase was boiled to dissolve EDTA, allowed to cool, and filtered through .22-pm nylon filters. Mobile phase flow rate was .7 mL/min. The HPLC system (Waters Associates, Milford, MA) was composed of a Waters 6000A pump, 712 WISP, 730 data module, 720 system controller, and 410 refractive index detector.
Microbial A nu lysis
A 100-g sample of HMC was added to 900 mL of sterile, distilled water. The mixture was vigorously agitated by hand and filtered through two layers of cheesecloth. One milliliter of the filtrate was serially diluted in 10-fold increments to using sterile .l% peptone solution. Enumeration of lactic-acidproducing bacteria ( LAB) was by the spread-plate method (Hungate and Fletcher, 1962) . A propipettor was used to apply .2 mL of the filtrate dilutions on LBS (BBL Microbiological Systems, MD) agar plates with aerobic incubation at 39°C for 72 h. Colonies isolated from appropriate dilutions were counted and presumptively identified as LAB by microscopic examination and Gram staining. Samples from the aerobic stability study were prepared and counted using the same procedures. Mold and yeast colonies were identified by spread-plate technique using an agar composed of potato starch (20 g), malt extract (20 g), proteose peptone ( 2 g), bactodextrose (4 g), and bactoagar (32 g). Colonies were identified as yeast and mold by physical characteristics and confirmed by microscopic examination.
Statistical Analysis
Barnett (1 954) subdivided silage fermentation into four phases: 1 ) cellular respiration; 2 aerobic bacteria producing acetic acid; 3 ) LAB producing lactic and acetic acids; and 4) a quiescent period providing that sufficient fermentation has occurred. The concept of phases was used by Rust et al. (1989) to study changes over time in bunker silos. In that study, Phase 4 w w separated into two components, d 5 to 21 representing the beginning and feedout representing the end ( d 151 to 242). The concept of phases established by Barnett as modified by Rust et al. ( 1989) was incorporated into the analysis of chemical changes over time in this study. The probe samples collected through the bored holes were composited to provide three time periods: Phases 1 to 3 ( 1 to 4 d ) , beginning of Phase 4 ( 5 to 21 d), and the end of Phase 4 during feedout (from buried bags). Fermentation characteristics were analyzed as a randomized design using the treatment x time interaction as the error term to test treatment effects. Aerobic stability differences in Trial 2 are presented in graphical form. Mean separations were performed with a modified Tukey's honest significant difference test (Gill, 1987) .
Cattle performance was analyzed as a completely randomized design using the analysis of variance procedure (SAS, 1987) . The only variable in the model was treatment and the error term was the treatment x pen interaction. Nonorthogonal designed contrasts were made to separate means of cattle performance using Bonferroni t-statistics (Gill, 1987) . The contrasts of interest in Trial 1 were CON vs RLI and DI and RLI vs DI. In Trial 2, the contrast was CON vs RLI.
Results and Discussion
Cattle Performance
Silos were opened 46 and 165 d after ensiling in Trials 1 and 2, respectively. In Trial 1, DMI was greater ( P < .05) for cattle fed DI or CON than for those fed RLI (Table 2) . Weight gain and feed conversion efficiency were similar. Likewise, weight gain, DMI, and feed efficiency were similar for cattle fed the CON and RLI-treated corn in Trial 2. The results suggest that the feeding value of HMC is not significantly influenced by inoculation before ensilement. Studies with corn silage (Luther, 1986; Rust et al., 1989) and alfalfa (Mader et al., 1985) support the results observed in this study that inoculation of silage does not enhance nutritive value. Because nutritive value and acceptability were not altered, the beneficial effects of an inoculant for HMC preservation must be in improving bunk stability or enhanced nutrient retention from the silo. .003 aC = control; DI = dry inoculant; RLI = reconstituted liquid bQ4eans in a m o w with unlike superscripts differ ( P < .05).
inoculant; SEM = standard error of the mean.
Fermentation Characteristics
Soluble N content increased over time and was greatest during feedout ( P < .05) in Trials 1 and 2 (Tables 3 and 4 ) . Ammonia N concentration increased ( P < .05) throughout the period of ensilement in Trial 2. Further calculation indicates that 20.7 and 18.2% of the soluble N was in the form of ammonia during the feedout phase for CON and RLI, respectively (Trial 2). In support of the trend observed in this study, Prigge et al. ( 19 76) demonstrated that solubilization of N occurred throughout a 56-d ensilement period. This finding suggests that solubilization and deamination continue through the fermentation period, which in turn suggests that the true protein content of HMC decreases the longer it is stored. Consequently, the type of supplemental dietary protein may influence the efficiency of utilization of ME. The elevated soluble N content may result from acid solubilization (Prigge et al., 1976) or proteolysis by microbial enzymes (Bergen et al., 1974) .
In Trial 1, epiphytic bacterial populations were much grater than the amount added by inoculation. Consequently, no differences were detected in LAB populations after ensilement. In Trial 2, inoculation did alter LAB population (4.74 vs 6.92 log cfu).
However, by Phase 4, LAB populations were similar for both treatments. Microbial counts were not evaluated at the end of Phase 4 in either trial.
In Trial 1, CP, soluble CHO, lactate, and propionate were similar within each phase (Table 3 ) . Lactic acid concentration, which is highly correlated with pH (McDonald et al., 1991) , showed a numerical increase over the entire 182 d of ensilement (from filling to last day of feedout). Acetate concentration was elevated ( P < .lo) for DI on Phase 4 and during feedout. The increased acidity may have increased the solubility of N. During the feedout phase in Trial 2, soluble CHO content and pH were reduced ( P < .05) compared with Phases 1 to 3 (Table 4) . Concentrations of lactate and acetate were numerically greater during the feedout phase, which supports the observed pH and soluble CHO decline. Ethanol content, which is an end product of bacterial or yeast metabolism (Woolford, 19841 , was greater ( P < .05j in the feedout phase than during earlier phases. Low levels of total acid accumulation in this study resulted in rapid pH declines, which suggests that little buffering capacity is present in unensiled corn. In Trial 1, soluble CHO content was similar during Phase 1 to 3 and feedout, whereas soluble CHO decreased in Trial 2. Conversely, lactate tended to increase as time of ensilement increased in both trials. This discrepancy is not easily explained. Two differences to be noted, however, include method of particle size reduction and moisture content before ensiling. In Trial 1, a grinder-mixer was used, which resulted in much smaller particles and, perhaps, more available substrate for fermentation than the larger particle sizes provided by the tub grinder in Trial 2. Second, the moisture content of corn in Trial 1 was 70.3, as opposed to 76.5 in Trial 2. Collectively, the more favorable moisture level and increased substrate availability may have provided the inputs for more fermentation but also allowed solubilization of the structural CHO into the soluble pool. Consequently, soluble CHO and lactate would be elevated. A further explanation for the differences in lactate concentrations between the two trials may be analytical. Lactate concentration in Trial 1 was determined by the colorimetric procedures of Barker and Summerson ( 194 1> , whereas a liquid chromatography procedure was used in Trial 2. Lactic acid concentrations tended to increase after the initiation of Phase 4, whereas further acetic acid accumulation was not evident. The elevated lactic acid content without acetic acid increase would suggest that a more homolactic fermentation occurred after the early portion of Phase 4, as opposed to Phases 1 to 3. In contrast to these results, Woolford (1 984) reported results that indicate the homolactic species are predominant during the early stages of fermentation, whereas heterolactic bacteria become more prevalent as fermentation progresses to the later stages.
Inoculation (RLI) had a more pronounced effect on fermentation end prqducts in Trial 2 than in Trial 1. This can largely be explained by the greater contribution of the inoculated organisms to the total microbial flora present. In Trial 1, addition of two million organisms per gram of corn to a resident population of > 100 million per gram is unlikely to shift the type of fermentation that develops. In contrast, in Trial 2, 2 million microorganisms were added per gram of corn to a resident population of e 100,000 microorganisms per gram. During the feedout phase of Trial 2, RLI had less ( P < .05) soluble CHO remaining and a lower ( P < .05) pH (Table 4) .
Dry matter recovery ( DMR) , as measured from the buried bags, was slightly decreased ( P < .lo) with RLI compared with CON in Trial 2; however, DMR was similar in Trial 1. In Trial 1, the DI-treated corn had a lower temperature for the first 14 d than CON or RLI-treated corn, which suggests a long lag time and a slower fermentation rate (Figure 11 . In Trial 2, RLI had significantly lower temperature the first 3 wk than did the CON. The faster pH decline and lower temperature of RLI would suggest that a more homolactic type of fermentation occurred.
Microbial counts and temperature of the corn treatments during aerobic exposure in Trial 2 are shown in Figures 2 and 3 . The number of LAB after 3 d of air exposure was greater for the inoculated corn ( P < .05) than for CON. By d 5, LAB numbers were similar for both treatments. Days o f Aerobic Exposure product. In agreement with these results, Rust et al. (1989) showed that corn treated with a microbial inoculant was less stable as measured by elevated temperature.
Previous research efforts with crops containing higher moisture levels were directed toward the control of fermentation by addition of microorganisms capable of early, rapid growth (Ely et al., 1981) . Given the inability of accelerated early growth from microbial starter cultures added at the time of ensiling to control microbial activity after 4 to 7 d, alternative strategies to control fermentation beyond 7 d may be beneficial for HMC.
Implications
The microbial inoculant added to high-moisture corn in this study seemed to have deleterious effects on bunk or aerobic stability and dry matter recovery. Addition of microbial inoculant did alter the rate of fermentation but had minimal effects on the extent of fermentation. Nutritive value as determined by average daily gain and feed conversion efficiency were similar for inoculated and control high-moisture corn. The decision to use a microbial inoculant should be based on improved nutrient retention and stability. In this study, neither of these characteristics was improved for high-moisture corn stored in upright silos.
